Introduction
Cucurbita pepo L. is the most economically important species of the genus Cucurbita L. (Cucurbitaceae). Cultivated C. pepo has traditionally been considered to comprise two subspecies (Decker 1988; Sanjur et al. 2002; Nesom 2011) , each one encompassing several cultivar-groups: C. pepo ssp. pepo L. (including Pumpkin group, Vegetable marrow group, Cocozelle group and Zucchini group) and C. pepo ssp. texana (Scheele) Filov (syn ssp. ovifera (L.) Decker) (including Acorn group, Scallop group, Crookneck group and Straightneck group) (Ferriol et al. 2003; Paris 1986; Paris et al. 2003) . The primary economic value of this species is based on the culinary use of immature fruits often referred to collectively as ''summer squash''. Only cultivars of the Pumpkin and Acorn groups have a widespread use as ''winter squashes'', grown for consumption of their mature fruits (Paris 2008) .
This species originated in North America (Smith 1997) , although nowadays its distribution is worldwide, and is one of the most phenotypically variable species in the plant kingdom. Wild relatives and ancient cultigens of the species, mostly round-or nearly round-fruited, are still found in the USA, Mexico and Central America, where several variable morphotypes were selected by Native Americans in pre-Columbian times (Paris 2000 (Paris , 2008 . A number of these accessions are housed in facilities in Mexico, the USA and Costa Rica (Lira and Montes 1994) .
C. pepo ssp. texana morphotypes were developed in America, where today they are most popular, as they can hardly be found in Europe. Since the arrival to Europe of several American cultigens, an extraordinary variety of new phenotypes has been generated through hybridisation and recombination. Selection for long-fruitedness in the subspecies pepo was reportedly first conducted in Italy in the sixteenth century (Paris 2008) . New cultivars were then developed, particularly the elongated forms of this subspecies: first the Vegetable marrow group (short, tapered cylindrical fruits), followed soon afterward by the Cocozelle group (long or very long, bulbous and cylindrical fruits) and much more recently, probably in the late nineteenth century, the Zucchini group (long, uniformly cylindrical fruits). Zucchini is of the most recent origin, and is also one of the least variable morphotypes (Paris 2000) . Nowadays, cultivars of the Zucchini group dominate both the squash market and the breeding efforts of seed companies.
Summer squashes of the Vegetable marrow, Cocozelle and Zucchini groups are popular in the Middle East, North Africa and European countries bordering the Mediterranean Sea, with cultivars meeting specific consumer preferences in each area. Diverse collections of landraces can still be found in Italy, Turkey (Paris 2008) and Spain (Ferriol and Pico 2008) . In the last century, breeders have made great strides in summer squash breeding by performing selection and fixation from some of these landraces in order to develop new and improved cultivars and hybrids, which are now replacing old landraces.
In Spain, the Genebank of the Institute for the Conservation and Breeding of Agricultural Diversity (COMAV), located at the Polytechnic University of Valencia, is dedicated to preserving this genetic heritage. This Genebank maintains seed collections of old Spanish winter and summer squash cultigens of C. pepo ssp. pepo (Ferriol et al. 2003) . These were mainly collected from the farmers that still use them for self-consumption and/or sale in local markets. One of the aims of the COMAV Institute is to characterise these landraces in order to use them in summer squash breeding.
The genetic variability within C. pepo has previously been assessed using allozymes and different DNA marker systems [restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA, amplified fragment length polymorphism (AFLP) and inter simple sequence repeats (ISSRs)] (reviewed in Lebeda et al. 2007 and in Esteras et al. 2011) . Most of the studies have been focused on the assessment of the genetic and evolutionary relationships between the wild and domesticated types, between the two subspecies and among the cultivar groups, including only a few representatives of the European landraces (Ferriol et al. 2003; Paris et al. 2003) .
Most of the marker systems used to date have limitations associated with their dominant and/or unreliable nature. Microsatellite markers [simple sequence repeats (SSRs)], if available, are preferred due to their being reliable and codominant and at the same time multiallelic and highly polymorphic, making them well suited for detecting variation among closely related varieties. However, these markers are difficult to obtain in species for which genetic and genomic tools are lacking.
Cucurbits are becoming primary models for the study of several biological processes (Boualem et al. 2008; Ezura and Fukino 2009; Li et al. 2009 ). The availability of molecular tools, including the whole genome sequence, has significantly increased in the last years, mainly for melon and cucumber Gonzalez et al. 2010 ), but more recently for the Cucurbita genus, as well. Gong et al. (2008) developed the first collection of genomic SSRs (gSSR), about 400, using an enriched genomic library from an oil-seed pumpkin cultivar. Recent advances in next-generation sequencing technologies (Metzker 2010) have allowed us to generate the first Cucurbita transcriptome (Blanca et al. 2011) , with 49,610 Cucurbita unigenes assembled de novo from 512,751 high quality ESTs, sequenced using Roche GS/454. These unigenes were screened for SSR motifs, leading to the discovery of a collection of 1,882 unigenes with SSR motifs (EST-SSR), which could be considered to be the first genomic resource in this genus. EST-SSRs have the advantage over gSSRs of being in the functional fraction of the genome.
In this study, we evaluate the utility of these new genomic resources for assessing genetic variation within C. pepo, even among closely related cultivars. Both gSSRs and EST-SSRs have proven to be useful for genotyping a selected set of Spanish landraces, belonging to the three summer squash morphotypes of high commercial value. These varieties have also been phenotyped for the presence of traits of agronomic interest. Most of the genetic variation that still remains in these landraces is not present in the set of commercial varieties and hybrids, which is representative of the current offering of summer squashes in the European market. Their diversity and the presence of certain unique alleles make the Spanish landraces of C. pepo an invaluable resource with great potential for summer squash breeding, mainly for the most widely grown and least variable Zucchini group.
Materials and methods

Germplasm
A set of twenty-three Spanish landraces, included in the core collection of C. pepo held and characterised by the Cucurbits breeding group at the COMAV, representing the three most important morphotypes of C. pepo ssp. pepo (five belonging to the Zucchini group, eleven to the Vegetable marrow group and seven to the Cocozelle group) and the variability found in all the agro-ecological regions in the country (Table 1 ; Fig. 1 ) were selected for this study. All the selected accessions are primitive landraces, cultivated in small orchards used for self-consumption or sale in local markets. Original germplasm, maintained through sibling, was used for the molecular study.
Twelve commercial varieties (three belonging to the Zucchini group, seven to the Cocozelle group and two summer squash Pumpkins) and six commercial hybrids (four belonging to the Zucchini group, one to the Vegetable marrow group and another to the Cocozelle group) were included as representatives of the main commercial varieties currently offered in the market (Table 1 ). Other accessions were included as controls: one South American accession of the Zucchini group, one North African accession of the Vegetable marrow group and two Pumpkin accessions used as parentals of the mapping populations: the oilseed styrian pumpkin (Gong et al. 2008 ) and the Turkish variety PI171678, which is used to increase the levels of carotenoids in C. pepo (Ferriol et al. 2003) and three accessions belonging to three morphotypes of the ssp. texana, one of each of the Acorn, Scallop and Crookneck groups.
Morphological characterisation
Three plants per accession were grown in the greenhouse and characterised for different vine, flower and fruit traits of commercial interest (Table 2) : plant growth habit (bushy (B), compact with short internodes; viny (V), spreading growth habit, with long, thin internodes; and intermediate (I), semi-bushy), lateral branch development [no-branching (0), moderately branched (0.5) and highly branched (1)], presence of spines in stems and leaves [spineless (0), sparse and small spicules (0.5) and dense, large and sharp spicules (1)], days to male and female flowering from transplant (DMF and DFF), node in which the first male/female flower appears (NMF and NFF), number of male/female flowers 7 days after the opening of the first female flower (N°MF and N°FF) and the femaleness ratio N°FF/N°MF. Mature fruits were also characterised (Fig. 1 ).
SSR analysis
Genomic SSRs
A set of 30 gSSRs were used for the analysis (Table 3) . These were selected from those developed by Gong (2008) using an SSR-enriched partial genomic library prepared from the Austrian oil-pumpkin variety Gleisdorfer Ö lkürbis (C. pepo ssp. pepo).
We selected at least one marker in each of the 20 linkage groups of C. pepo ssp. pepo (oil-pumpkin variety) 9 C. pepo ssp. texana (a variety belonging to development: 0 = no branching, 0.5 = moderately branched, 1 = highly branched; presence of spines: 0 = spineless, 0.5 = sparse and small spicules, 1 = dense, large and sharp spicules; DMF, DFF: days to male and female flowering from transplant; NMF, NFF: node in which the first male/female flower appears; N°MF and N°FF: number of male/female flowers 7 days after the opening of the first female flower; N°FF/ N°MF: femaleness ratio the Crookneck group) map developed by these authors (Table 3) .
EST-SSRs
We used a set of 27 ESTs-SSRs, selected from those identified in silico by Blanca et al. (2011) , after screening the 49,610 unigenes of the first C. pepo transcriptome [assembled using ESTs from the cultivars ZU-MU16 (Zucchini group) and UPV-196 (Scallop group)] for SSR motifs (Table 4) . EST sequences containing perfect repetitions of more than seven units were selected. Most of the SSRs are within genes with a putative known function and were mainly located in ORFs (open reading frames), with only a few of them in UTRs (untranslated regions). Most of the EST-SSRs selected were in unigenes that showed homology to annotated protein sequences (Blanca et al. 2011) . Some were involved in catabolism, transport, regulation of transcription and stress and defense response (Table 4 ). The primers used for each SSR locus are listed in Blanca et al. (2011) .
PCR amplification and detection of SSR loci
DNA was extracted using a modified CTAB method (Doyle and Doyle 1990) 0 end (5 0 -cacgacgttgtaaaacgacc-3 0 ). The cycling conditions were as follows: denaturation at 95°C for 3 min, followed by 10 cycles of 30 s at 95°C, 30 s at 65°C (with each cycle, the annealing temperature decreasing 1°C) and 30 s at 72°C. Products were subsequently amplified for 20 cycles at 95°C for 30 s, 55°C for 30 s and 72°C for 30 s, with a final extension at 72°C for 5 min. SSR markers were scored either on the LI-COR Ò 4300 DNA Analyzer (Li-Cor Bioscience, Lincoln, Nebraska, USA) or on the ABI 3130XL capillary sequencer (Applied Biosystems, Carlsbad, California, USA).
Genetic variability analysis
Due to the bulking of samples during DNA extraction, the observation of two or more SSR alleles in a single reaction could have resulted from the presence of heterozygous plants, homozygous plants for the alternative alleles or a combination of both. All the detected alleles were assumed to have a frequency of 1/n (n = number of alleles). Microsatellite allele sizes were estimated comparing their migration with the IRDye Ò 700 or 800 50-350 bp size standards (Li-Cor Bioscience, Lincoln, Nebraska, USA). The number of alleles and the polymorphism information content (PIC) were calculated for each locus for the 48 genotypes as well as for groups of morphotypes using the PowerMarker software (Liu and Muse 2005) . ANOVA was used to compare the mean allele number and the PIC between EST-SSRs and gSSRs. The correlation between the number of repeated units and the PIC was also studied. All statistical analyses were performed with Statgraphics Plus v.5.0 (Statistical Graphics Corporation, Inc., Rockville, MD, USA).
Genetic similarity between accessions based on the presence or absence of SSR alleles was calculated using the Dice (Nei and Li 1979 ) similarity coefficient (S ij ). Genetic distance (GD) values among genotypes were calculated as 1 -S ij . From the genetic distance matrix, a neighbour-joining (NJ) tree was obtained using PowerMarker. Distance matrices obtained with gSSRs and EST-SSRs were compared by the Mantel test (Mantel 1967) . The reliability and robustness of the tree were tested by bootstrap analysis with 1,000 replications to assess branch support using the PHY-LIP 3.6 software. The population structure of our collection was estimated using STRUCTURE version 2.3 (Pritchard et al. 2000; Falush et al. 2003 Falush et al. , 2007 Hubisz et al. 2009 ). Accessions CR-NSL5227, AC-PI615111 and SC-UPV196 were excluded from the STRUCTURE analysis because they belong to C. pepo ssp. texana, whereas the rest of the genotypes belong to C. pepo ssp. pepo. The admixture and independent allele frequency options were chosen. A burn-in period of 500,000 Markov Chain Monte Carlo iterations and the 1,000,000 iterations after burn were performed to estimate the parameters. Twenty runs were done for each K (number of populations) from 1 to 8. The K optimum was defined according to Evanno et al. (2005) . Principal coordinate analysis (PCoA) was carried out using the Dice genetic distance matrix and the DCENTER and EIGEN procedures of NTSYSpc 2.02 (Rohlf 1998) .
Results and discussion
Phenotypic variation
The phenotypic variability found among the summer squash genotypes used in the present study is provided in Table 2 . The morphological characterisation of the landraces allowed us to define the morphotype of each accession and to record the presence or absence of traits of commercial interest. The Zucchini group is by far the most widely grown summer squash, and for this reason it is the morphotype in which seed companies have primarily focused their breeding efforts. The Zucchini commercial hybrids and varieties were, as expected, bushy, unbranched, spineless and had uniformly cylindrical fruits. The bushy growth habit, conferred by a single gene (Bu) (Paris and Brown 2005) , greatly facilitates multiple harvesting, and this gene is introgressed in all the current commercial Zucchini types. The lack of branching improves fruit-picking efficiency, and few or absent spicules is a desirable trait for any cultivar. Commercial cultivars of the Zucchini group were also early-flowering, with male and female flowers starting to appear from 30 to 36 DAP (days after planting) and from 41 to 52 DAP, respectively, and with a high female/male ratio (0.3-0.6). Selection for earliness and female tendency were two other important achievements of pre-twentieth century squash breeding (Paris 2008) .
In the Cocozelle commercial group, bushy growth habit was not very common. Viny and semi-bushy, more branched and spiny varieties were found. A more delayed flowering (male and female flowers appearing from 32 to 45 DAP, and 43 to 61 DAP) associated with a decreased female/male ratio (0.1-0.5) was also displayed. The commercial Vegetable marrow and Pumpkin groups displayed intermediate traits.
Spanish landraces are mostly primitive cultivars that have not been subjected to intensive selection. They harbour a great deal of phenotypic variation. Most of the Zucchini landraces were bushy rather than viny, and developed uniformly cylindrical dark-green fruits (Fig. 1) . Some landraces showed desired commercial traits, being unbranched, spineless and earlyflowering, and having even more positive female/male ratios than some commercial varieties (ZU-E27 and ZU-MU16). Others, related to more ancestral C. pepo (ZU-E10, ZU-MU20, ZU-A13) as well as the landrace from Ecuador (ZU-ECU227), had some commercially undesirable traits. Our results are in agreement with the primitive traits reported in Italian and Turkish landraces (Paris 2008) .
Phenotypic variation was more apparent among Spanish landraces of the Vegetable marrow and Cocozelle groups, as these were indeterminate or viny, having branched and from medium to highly spiculate foliage. They displayed everything from early to late flowering (male and female flowers appearing from 30 to 63 and DAP, and 45 to 77 DAP, respectively), with some accessions having a predominant male sexuality (female/male ratio 0.05-0.2), mainly in the Cocozelle group. Only one Cocozelle variety was bushy and not branched (CO-V185). High variability in fruit colour, colour pattern, rind texture and fruit size was found in Vegetable marrow and Spanish Cocozelle landraces, ranging from yellow to cream to white to light, medium and dark green, and being striped, dotted, smooth, ribbed, wrinkled and/or warted (Fig. 1 ).
Molecular variation gSSRs and EST-SSRs
A summary of the results obtained with genomicand EST-SSRs are shown in Tables 3 and 4 . Amplification products were obtained for 29 (97%) gSSRs, 27 (90%) of which were polymorphic among the Cucurbita genotypes. A total of 109 alleles were found across the full set of accessions, ranging from 2 to 9 (average 3.8) alleles per SSR. The average allele number in our collection was similar to that reported by Gong et al. (2008) (3.7) , who validated these gSSRs using a set of 8 genotypes of both subspecies of C. pepo (one cultivar of each group: Zucchini, Cocozelle, Vegetable marrow, oil-Pumpkin, Acorn, Scallop, Crookneck and Straightneck), but also including 3 accessions of the related species, C. moschata (Duchesne ex Lam.) Duchesne ex Poir, and 1 of the wild species, C. ecuadorensis H. C. Cutler & Whitaker. Despite our larger number of accessions, here we assessed only the intraspecific variability, so we expected the SSR polymorphism to be lower in our collection. Nevertheless, our results demonstrate that this germplasm sample is highly variable; noteworthy 12 of these markers (40%) detected more alleles in our population than in that of Gong et al. (2008) .
Twenty-six EST-SSRs (96%) amplified polymorphic fragments in the set of Cucurbita genotypes. The total (85) and average allele number (3.2) were similar, with no significant differences (P = 0.11) from the results obtained using gSSRs, and were also similar to those previously reported for this set of ESTSSRs, which were validated using 9 genotypes representative of the diversity within C. pepo (4 Zucchini, 1 Vegetable marrow, 1 Pumpkin, 1 Styrian Pumpkin, 1 Crookneck and 1 Scallop) and 1 C. moschata accession (Blanca et al. 2011 ).
The allele diversity was similar for both SSR sets, with PIC values ranging from 0.1 to 0.74 (with a mean of 0.42) in the gSSRs and from 0.1 to 0.66 (with a mean of 0.36) in the EST-SSRs, with no significant differences (P = 0.26). The correlation between the number of SSR repeats and the PIC was positive and significant both for the gSSRs (r = 0.49, P = 0.02) and EST-SSRs (r = 0.62, P \ 0.001). In addition, this correlation was positive in melon, but with a considerably higher mean PIC value (with a mean of 0.58 and 0.54 for ESTs and gSSRs, respectively) (FernandezSilva et al. 2008; Fergany et al. 2011 ). The differences could be due to the fact that in the melon analysis, both subspecies are well represented, whereas here we use only a few accessions of the subspecies texana as a control.
These results confirm that both gSSRs and ESTSSRs discovered in a small germplasm sample can be transferred to different cultivar groups, and can be useful for depicting genetic relationships as well as for the identification of closely related cultivars. Also, as some of the tested SSRs are in functional regions, the study of their variability may give insight into functional variability and its possible relationship with phenotypic variability.
Molecular variability within the cultivar groups
In general, a lower genetic variability is found within commercial hybrids compared with commercial varieties and landraces (Table 5) , which is consistent with the narrower origin of the hybrids and genetic erosion due to intensive breeding (Formisano et al. 2010) . On the other hand, commercial cultivars and Spanish landraces showed similar genetic diversity. When we analyse the genetic variability of the different groups, the Cocozelle Group shows the highest genetic variability among commercial cultivars. This is coherent with the more ancient characteristics found in this group, which is more similar to ancient Mexican landraces, as this group is thought to have been developed by the seventeenth century (Paris 2000) . The least variable group among the commercial cultivars was, as expected, the Zucchini. In fact, 35 alleles were found exclusively in all the other morphotypes: Pumpkin, Cocozelle and Vegetable marrow, being absent in Zucchini, both the commercial and the landraces, even in the South American control. However, no differences in genetic variability among cultivar groups were found for the Spanish landraces.
Twenty-one alleles were detected exclusively within the Spanish landraces, being absent in the commercial varieties of the Zucchini, Cocozelle and Vegetable marrow types. Spanish landraces belonging to the Zucchini group showed the highest number of exclusive alleles (27), followed by the 15 alleles exclusive to the Spanish Cocozelle landraces. The number of alleles exclusive to the commercial cultivars was considerably lower (nine in each case). Therefore, despite the fact that the Spanish Zucchini landraces did not show a remarkable morphological variability, they have a level of genetic diversity higher than that of the commercial types, so they can be considered a reservoir of alleles useful for breeding.
Relationships among varieties
The genetic relationships among accessions based on SSR polymorphism were investigated by cluster analysis. No significant differences were found in the average pair-wise distances based on gSSRs and ESTSSRs. The correlation between the two distance matrices was 0.83 (P \ 0.002) according to Mantel's test (Mantel 1967) , confirming that the new EST-SSR set is as effective as the previously available gSSRs in establishing genetic relationships among summer squash accessions. Similar results were previously observed in melon when the polymorphism of gSSRs and EST-SSRs was compared (Fernandez-Silva et al. 2008) . Comparing the different groups, the average intragroup pair-wise distances in the Cocozelle and Vegetable marrow groups (0.27 and 0.28) were significantly higher than in the Zucchini group (0.20), with a consistently higher intragroup variability within the former. Intergroup distances were also significantly higher between the Cocozelle and the Vegetable marrow groups (0.27) than between Zucchini and these two groups (0.22). The NJ dendrogram based on 109 gSSR and 85 EST-SSR alleles, as shown in Fig. 2 , fits very well with previous classifications using different markers (Esteras et al. 2011; Ferriol et al. 2003; Paris et al. 2003) , with two major clusters that clearly separated accessions of both subspecies (bootstrap = 1,000). Two major patterns of genetic association were observed. Most the commercial accessions, except one group of Cocozelle, one Vegetable marrow and one Pumpkin variety, were separated from the Spanish landraces. Commercial Cocozelle cultivars were distributed in several groups with some cultivars even being similar to more ancient Pumpkin types (CO-BDT and PI171675, bootstrap = 548).
Despite the lower level of polymorphism, all Zucchini genotypes could be distinguished with the set of SSRs. Only one Zucchini landrace was molecularly similar to the group of commercial Zucchini cultivars (MU-16 was very similar to ZU-GIO, bootstrap = 895), whereas the others were genetically more similar to the Vegetable marrow or Cocozelle types (ZU-A13 similar to VM-V21, bootstrap = 629; ZU-E10 similar to CO-V74, bootstrap = 690). Interestingly, the accession ZU-E27, which is phenotypically similar to commercial Zucchini cultivars, was molecularly similar to the Cocozelle and Vegetable marrow landraces. This accession has potential value for introgressing molecular variation into the commercial Zucchini group without introducing commercially unfavourable traits. Cocozelle landraces were highly variable and intermingled with Vegetable marrow landraces spread across the dendrogram.
The population structure estimated by STRUC-TURE analysis (Pritchard et al. 2000) revealed that the genotypes belonging to C. pepo ssp. pepo can be separated into three populations; most of the genotypes could be clearly assigned to one of the two major populations (green or red in Fig. 2 ), whereas only accession CO-BDT could be separated clearly from the two previous populations. The remaining five accessions could not be assigned to any of the former populations. The results are consistent with the NJ cluster analysis, showing two major populations, one of them consisting of mainly commercial cultivars and the second one of Spanish landraces. All cultivar groups are represented in both populations. Figure 3 represents the distribution of the different accessions according to the two principal axes of variation using PCoA. The first PCoA we performed explained 31% of the variation. On the basis of the first coordinate, which accounted for 15.4% of the total variation, the accessions were clearly grouped according to subspecies. We performed a second PCoA after removing the ssp. texana accessions. The first coordinate, which explains 10% of the variation, separated all the commercial cultivars of the Zucchini Group from the other commercial groups and from the Spanish landraces, supporting the differentiation of this modern group. Paris et al. (2003) , along with previous studies performed with first generation molecular markers (Esteras et al. 2011) , also found that the Zucchini group, the most recent of the subspecies, is the most distinct of the edible-fruited cultivar-groups of ssp. pepo. However, ancient European landraces are not included in most of these previous studies, and our study reveals that this distinction only occurs in commercial Zucchini, but not in Zucchini landraces that are more similar to the oldest groups. The second coordinate, which explains 8% of the variation, separated the remaining commercial cultivars, mostly Cocozelle, but also Pumpkin and Vegetable marrow from the Spanish landraces.
All three previous analyses support the genetic structure of the current summer squash sampled genotypes as being mainly due to the type of cultivar (commercial or landrace), i.e., Spanish landraces are clearly separated from commercial varieties, although within Spanish landraces there is no clear genetic structure due to cultivar type. The fact that the Spanish landraces are not closely related to the commercial cultivars of the same cultivar types seems to suggest that the gene variation displayed by the Spanish landraces has not been used extensively to develop commercial cultivars, confirming that this gene pool is a reservoir of genetic variability that has been underexploited in modern summer squash breeding.
Conclusions
The current report is the first study on the diversity of a wide collection of European landraces belonging to the elongated forms of C. pepo ssp. pepo using codominant markers. Our results indicate that these accessions retain traits common to ancient cultivars of this species. These germplasm resources could be useful for the enrichment of current commercial cultivars. They still conserve phenotypic and molecular variation that has been lost during the breeding process. The existence of landraces with favourable commercial traits, such as ZU-E27 or CO-V185, while still being molecularly variable, is particularly noteworthy, as it could provide new alleles useful for breeding without altering certain necessary commercial characteristics.
This new-found genetic potential in Spanish landraces not present in the restricted gene pool of modern varieties could be used to adapt market types to regional preferences of colour, secondary design or shapes, and could also provide other interesting traits, such us flavour, vitamin and mineral contents, which have long been associated with colour variation in summer squash. Other traits that are current objectives of summer squash breeding, such as fruit glossiness, parthenocarpy and disease response could also be variable in this collection. Fig. 3 Diagram showing the relationships among the 48 accessions of summer squash based on principal coordinate analysis using both genomic and ESTSSRs. A two-dimensional scatter plot using the first and second principal coordinates is shown. Spanish landraces are underlined. Cocozelle, Vegetable marrow, Zucchini and Pumpkin groups are indicated by letters CO, VM, ZU and PU respectively
